ABSTRACT
INTRODUCTION
The production of dihydroxyacetone (DHA) is of interest in various applications in cosmetic, medicine, pharmaceuticals and food industries and in very cheap cost of glycerol, as the substrate for DHA production, due to the overproduction of this material by the biodiesel industry [10] . In acetic acid bacteria, strains assigned to Gluconobacter oxydans are widely used in the production of DHA through a microbiological method [6, 8] . Except for strains of the genus Gluconobacter, strains of some other genera of acetic acid bacteria such as the genera Acetobacter, Gluconacetobacter, Asaia, Kozakia, Swaminathania, Neoasaia, Tanticharoenia, Ameyamaea, Komagataeibacter and Endobacter were also reported to have the ability to produce DHA [8] . Acetic acid bacteria showed an abundant diversity in tropical countries such as Thailand, Indonesia and the Philipines. Vietnam is also a tropical country, however, there is no research on the microbial DHA producing in Vietnam. Futhermore, it is quite rare report about the diversity of acetic acid bacteria in Vietnam.
This study aims to preliminarily investigate the richness of diversity and the industrial applicability of bacterial resources in Vietnam through the isolation of DHA-producing AAB from fruits and flowers based on physiological and biochemical characterization and on the 16S rRNA gene sequence along with screening for the DHA forming ability.
MATERIALS AND METHODS

Isolation of AAB
AAB were isolated from 29 fruit and 16 flower samples collected in Hochiminh City, Vietnam by an enrichment culture approach using pH 3.5 medium [20] . After two days of incubation, a culture showing microbial growth was streaked onto a GEY-agar plate containing 0.3 % CaCO 3 (w/v). The acid-producing bacterial strains that formed a clear zone around the colony on the agar plate were selected for testing the growth at pH 3.5. Isolated strains were examined for their Gram stain, cell shape and catalase/oxidase formation by conventional methods.
Screening of strains producing DHA from glycerol
The isolates selected as AAB were qualitatively analyzed for the ability to produce DHA. Bacterial cells were incubated in a DHA production medium containing 3.0 % glycerol, 0.5 % yeast extract, 1.0 % peptone (all by w/v) under a shaking condition for seven days at 30 ºC and pH 6.0. A DHA-producing ability was detected by the appearance of the orange color in a bacterial supernatant with Fehling's solution [1] .
For the quantitative analysis of DHA, potentially selected isolates and the reference strain were cultivated in the DHA production medium for 24 h. One mL of each culture (0.5 optical density at 600 nm) was transferred to a 200 mL beaker containing the same medium and incubated at 30 °C on a rotary shaker (150 rpm) for 48 h. The supernatant of the cultivated broth was investigated for the amounts of DHA produced by the DNS (3,5-dinitrosalicylic acid) method according to Burner (1964) [3] . Pure dihydroxyacetone was used as standardizer. All the chemical agents was purchased from either Merck (Germany) or Sigma (USA).
The most potent and widely studied bacterium for DHA production is the species Gluconobacter oxydans [2, 3, 6, 10, 13] . The type strain Gluconobacter oxydans NBRC 14819
T was used as a DHA-producing reference strain.
Routine identification of DHA-producing AAB
Physiological and biochemical characterizations including the oxidation of acetate and lactate, the production of acetic acid from ethanol and of water-soluble brown pigments, the growth in the presence of 0.35 % acetic acid (v/v), on 30 % D-glucose (w/v) and on glutamate agar were made, as previously reported [1, 19, 20, 22, 23] Phylogenetic analysis of 16S rRNA genes for highly DHA-producing AAB PCR amplification of 16S rRNA genes was carried out, and amplified 16S rRNA genes were sequenced and analyzed, as described previously [12, 15, 17, 18] . Multiple sequence alignments were done with the program CLUSTAL X (version 1.8) [17] . Alignment gaps and unidentified bases were eliminated. Genetic distances for the aligned sequences were calculated using the two-parameter method of Kimura (1960) [7] . A phylogenetic tree based on 16S rRNA gene sequences of 1,382 bases derived from the neighbor joining method was constructed by the use of the program MEGA 5 (version 5.05) [14, 16] . The robustness for individual branches was estimated by bootstrapping with 1,000 replications [5] .
RESULTS AND DISCUSSION
Isolation AAB
Sixty-six isolates were selected as AAB from 45 samples (Table 1) . They formed clear zones of CaCO 3 on GEY-agar. Most of isolates gave creamy, brownish or pale yellow when colonies were grown on GECA. There were no isolates with a pink colony. They grew at pH 3.5 and showed positive catalase and negative oxidase. [20] . Considering the numbers of 66 isolates obtained from 36 kinds of isolation sources, it can be preliminarily assumed that the presence of AAB in Vietnam is quite general ( Table 1) . Screening of DHA-producing AAB and routine identification of selected DHAproducing AAB Sixty-six isolates of selected AAB were examined for the qualitative screening of DHAproducing ability by using the Fehling's solution. Of the sixty-six, thirty-one isolates showed orange precipitations in the Fehling's solution and were designated as DHA-producing AAB ( Table 1 ).
The thirty-one DHA-producing AAB were grouped into three groups by the routine identification [21] .
Group I showed that the oxidation of acetate and lactate was positive, the acetic acid production from ethanol was positive, the growth was positive in the presence of 0.35 % acetic acid (v/v) but negative on glutamate agar and the production of water-soluble brown pigments was negative. Group I was assigned belonging to the genus Acetobacter and included fourteen isolates, comprised of VTH-AE39, VTH-AE76, VTH-AE75, VTH-AH55, VTH-AK62, VTH-AK07, VTH-AK17, VTH-AK18, VTH-AK19, VTH-AK22, VTH-AK26, VTH-AK28, VTH-AK29 and VTH-AK32.
Group II showed the that oxidation of acetate and lactate was negative, the acetic acid production from ethanol was positive, the growth was positive in the presence of 0.35 % acetic acid (v/v) but negative on glutamate agar and the production of water-soluble brown pigments was positive or negative. It was assigned to the genus Gluconobacter and included thirteen isolates, comprised of VTH-AE18, VTH-AE44, VTH-AE57, VTH-AE67, VTH-AE83, VTH-AH39, VTH-AH46, VTH-AH59, VTH-AH69, VTH-AH82, VTH-AK04, VTH-AK12 and VTH-AK36.
Group III showed that the oxidation of acetate and lactate was positive but delayed, the acetic acid production from ethanol was positive, the growth was positive in the presence of 0.35 % acetic acid (v/v) and on glutamate agar and the production of water-soluble brown pigments was positive. It was assigned to the genus Gluconacetobacter and included four isolates, comprised of VTH-AH38, VTH-AH41, VTH-AH42 and VTH-AK05.
Production of DHA by the selected DHAproducing AAB
The selected DHA-producing AAB were examined for the production of DHA. The amounts of DHA produced were from 0.17 to 25.98 mg/mL ( 
Phylogenetic relationship of highly DHAproducing selected AAB
The highly DHA-producing ten AAB were examined phylogenetically. As shown in Fig. 1 , all the ten isolates were included in the lineage of the genus Gluconobacter. Firstly, the two isolates, VTH-AH69 and VTH-AK36 were phylogenetically related to either G. oxydans NBRC 14819 T or G. roseus NBRC 3990 T . Secondly, the four isolates, VTH-AE44, VTH-AE83, VTH-AH39 and VTH-AH59 that were related to G. uchimurae ZW160-2 T appeared to constitute a separate and independent taxon. Thirdly, the two isolates, VTH-AE18 and VTH-AH82 respectively formed independent clusters and obviously constituted separate taxa. Fourthly, the two isolates, VTH-AE57 and VTH-AH46 were related to G. japonicus NBRC 3271 T . The obtained phylogenetic results suggested that six isolates of the ten are candidates for three new taxa. 
CONCLUSION
The production of DHA by acetic acid bacteria has already been known from early days [2, 4, 8] . The thirty-one DHA-producing AAB obtained in Vietnam were distributed only in the three genera Acetobacter, Gluconobacter and Gluconacetobacter. Especially, the excellent producers of DHA were restricted only to the genus Gluconobacter [2, 3, 6, 10, 13] . The ten isolates assigned to the genus Gluconobacter produced 22.20-25.98 mg/mL of DHA for the cultivation of two days by shaking at 150 rpm. In a certain Thai isolate, the production of DHA achieved in 21 mg/mL for 48 h cultivation [9] .
These data suggested that the ten Gluconobacter isolates from Vietnam gave a yield of DHA production similar with that of the Thai isolate.
Phylogenetically, the ten isolates that were potential DHA producers were included in the lineage of the genus Gluconobacter. Of the ten, the six isolates, VTH-AE44, VTH-AE83, VTH-AH39, VTH-AH59, VTH-AE18 and VTH-AH82 were suggested to be candidates for three new species. The systematic study of the six isolates will be presented elsewhere.
